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(54) DISPERSION SLOPE-COMPENSATED OPTICAL FIBER 



(57) The invention relates to a dispersion slope 
compensating optical fiber which compensates the 
chromatic dispersion and dispersion slope of a positive 
dispersion slope optical fiber such as TRUE WAVE and 
increases reliability of wavelength division multiplex 
transmission in a wavelength from 1530nm to 1610nm. 
The center core (3) is covered by a side core layer (4), 
and the outside thereof is covered by a cladding layer 
(5), wherein the relationship between the relative refrac- 
tive index differences A1, A2, A3 of the center core (3), 
side core layer (4) and cladding layer (5) and pure Si0 2 
glass is established to be A1> A3, A2/A1=Rd£-0.45 , 
and A1^1.2%. The average dispersion slope in a wave- 

F i g- 



length from 1530nm to 1610nm is established to be - 
0.6ps/nm 2 /km or less, and the value obtained by divid- 
ing the dispersion value in the same wavelength by a 
dispersion slope is made 160 or less, wherein by con- 
necting the dispersion shifted optical fiber to TRUE 
WAVE, whose average dispersion slope in said wave- 
length is approximately 0.07 to 0.1ps/nm 2 /krn and 
whose dispersion value is greater by approximately 15 
to 60 times than the dispersion slope, with a length 
which is shorter by approximately one-ninth than the 
length of TRUE WAVE, the dispersion in the said wave- 
length band can be drawn to nearly zero dispersion. 
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Description 

Technical Field 

[0001] The present invention relates to a dispersion 
slope compensating optical fiber used for a wavelength 
division multiplex transmission system having an optical 
amplifier using an erbium doped optical fiber which is 
excited by, for example, a pumping light source. 

Background Art 

[0002] Recently, in line with realization of an optical 
amplifier (EDFA: Erbium Doped Fiber Amplifier) using 
an optical fiber to which erbium is doped, it became pos- 
sible to directly amplify optical signals in a wavelength 
band of 1.55 \im (1550nm) without converting them to 
electric signals, whereby in a field of optical transmis- 
sion, high bit rate and long-haul optical transmission 
has been achieved. Furthermore, on the other hand, 
transmission is carried out by a wavelength division 
multiplex system (WDM system) in which optical signals 
of different wavelengths can be transmitted by a single 
optical fiber, in order to increase transmission capacity 
in optical transmission, wherein, by employing an opti- 
cal amplifier using said erbium doped optical fiber in an 
optical transmission system in which the wavelength 
division multiplex system, it can be expected that the 
transmission capacity is further increased, and a longer 
haul transmission is further achieved by the wavelength 
division multiplex system. 

[0003] Also, as an optical fiber used for a wavelength 
division multiplex transmission system in which said 
EDFA is employed, a dispersion shifted optical fiber 
having zero dispersion wavelength in the wavelength 
band of 1550nm has been proposed. However, in a 
case where an optical fiber has a zero dispersion wave- 
length in almost the entire gain band of the said EDFA, 
it is already known that a four-wave mixing (FWM) which 
is one of the non-linear phenomena occurs when light of 
a plurality of wavelengths is made incident into the opti- 
cal fiber. Signal light power is lost due to the four-wave 
mixing, wherein the original signals are converted to 
signals of other wavelengths and become noise, result- 
ing in a problem in the transmission characteristics. Fur- 
thermore, any one of the conventional dispersion shifted 
optical fibers has a so-called positive dispersion slope 
by which the dispersion value (chromatic dispersion 
value) is increased in line with an increase in wave- 
length, and the positive dispersionslope by which the 
dispersion value is generally about 0.07ps/nm 2 /km. 
[0004] Therefore, in order to eliminate the problem 
resulting from the four-wave mixing, an attempt, by 
which said problem resulting from the four-wave mixing 
is solved, has been made by separating the dispersion 
value at the wavelength used and setting the dispersion 
value at the wavelength used, so that it becomes 
±1.5ps/nm/km to ±4ps/nm/km. This is described in Jap- 



anese Laid-Open Patent Publication No. 168046 of - 
1995. An optical fiber which is able to solve the four- 
wave mixing is registered by the AT & T Corporation 
with the trademark " TRUE WAVE". Furthermore, the 

5 TRUE WAVE is based on the NEO DSF concept (Dis- 
persion shifted optical ftoer of the next generation). An 
optical fiber-called TRUE WAVE has a zero dispersion 
wavelength in the vicinity of wavelength of 1 520nm or in 
the vicinity of wavelength I580nm and has a positive 

io dispersion slope. 

[0005] Hereinafter, like the TRUE WAVE and the said 
conventional general dispersion shifted optical fibers, 
an optical fiber having a positive dispersion slope is 
called " Positive dispersion slope optical fiber". 

75 [0006] Since the dispersion of the positive dispersion 
slope optical fiber called TRUE WAVE is not zero at the 
wavelength used as described above, dispersion result- 
ing from the TRUE WAVE itself will occur at the use 
wavelength band. Therefore, in a case where the TRUE 

20 WAVE is used, the following measures are taken. That 
is, TRUE WAVE having the chromatic dispersion char- 
acteristics shown by the characteristics line b1 in FIG.7 
and TRUE WAVE having the chromatic dispersion char- 
acteristics shown by the characteristics line b2 in the 

25 same drawing are alternately connected to each other, 
whereby the TRUE WAVE is caused to have, as a 
whole, chromatic dispersion characteristics shown by 
the characteristic line b3 in the same drawing, and an 
attempt is made by which the dispersion at the center 

30 wavelength (for example, 1550nm) of the wavelength is 
made zero. 

[0007] However, if so, the dispersion at the center 
wavelength becomes zero, residual dispersion occurs at 
wavelengths other than the wavelength, for example, 

35 residual dispersion of : 1 .6ps/nm/km is produced at a 
wavelength of 1540nm, wherein if the relay interval 
(transmission distance) is 80Km, dispersion of 
128ps/nm remains. In this case, a difference is pro- 
duced in the transmission capacity due to dispersion 

40 between various wavelengths of signal light at the wave- 
length band of I550nm, the waveform of the signal light 
is distorted to cause the bit error rate to be changed 
between the center wave and the end waves, wherein 
the efficiency of the wavelength division multiplex trans- 

45 mission is lowered and reliability may be remarkably 
lowered. 

[0008] Therefore, in Japanese Patent Application No. 
85846 of 1997 filed at the Japanese Patent Office, the 
present applicant proposed a dispersion slope compen- 

so sating optical fiber in which the dispersion slope of a 
positive dispersion slope optical fiber of. for example, 
said TRUE WAVE, etc., is compensated. Furthermore, 
the dispersion slope compensating optical fiber is an 
optical fiber which has a dispersion value of a general 

55 dispersion shifted optical fiber which is a positive disper- 
sion slope optical fiber, and a negative signed disper- 
sion value, the absolute value of which is equivalent 
thereto, and has a negative signed dispersion slope, the 
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absolute value of which is equal to that of the dispersion 
shifted optical fiber. 

[0009] However, in order to compensate the positive 
dispersion slope of TRUE WAVE by, for example, con- 
necting the dispersion slope compensating optical fiber 5 
to the existing line (optical transmission line) composed 
of the TRUE WAVE, it is necessary to connect the dis- 
persion slope compensating optical fiber, the length of 
which is almost equal to that of the TRUE WAVE of the 
existing line. Therefore, it will become necessary to pro- 
vide a very long dispersion slope compensating optical 
fiber. For this reason, it is difficult to insert, as a module, 
the proposed dispersion slope compensating optical 
fiber into, for example, a repeater of the existing line and 
to use it therein. 

[001 0] Furthermore, on the other hand, since the gain 
band of EDFA is liable to expand to a longer wavelength 
side, it will become possible to amplify optical signals in 
the vicinity of a wavelength of 1600nm. Therefore, the 
necessity of dispersion slope compensating optical fiber 
used in this wavelength bandwidth has been increased. 
[001 1 ] The present invention is developed in order to 
solve the said problem, and it is therefore an object of 
the invention to provide a dispersion slope compensat- 
ing optical fiber which, in the wavelength band, from 
1530nm to 1610nm in wavelength, which is the gain 
band of EDFA, is able to almost compensate the chro- 
matic dispersion slope and chromatic dispersion of a 
positive dispersion slope compensating optical fiber 
such as TRUE WAVE, etc., by a short optical fiber, and 
for example, by inserting it into the existing line having a 
positive dispersion slope for optical transmission as a 
module, and enables satisfactory wavelength division 
multiplex transmission at the said wavelength band. 

Disclosure of Invention 

[001 2] In order to achieve the said object, a dispersion 
slope compensating optical fiber is characterized in the 
following embodiments. That is, the first embodiment of 
the invention is featured in that in the range from 
1530nm to 161 Onm in wavelength, the average disper- 
sion slope on the wavelength band in the predetermined 
range is made -0.6ps/nm 2 /km or less, the dispersion 
value on the predetermined wavelength band is made - 
6ps/nm/km or less, and the value (DPS) obtained by 
dividing the dispersion value by the said dispersion 
slope is made a positive value which is less than 160. 
[0013] Furthermore, the second embodiment of the 
invention is featured in that in the range from 1 530nm to 
161 Onm in wavelength, the average dispersion slope on 
the wavelength band in the predetermined range is 
made -1ps/nm 2 /km or less, the dispersion value on the 
predetermined wavelength band is made 
12.5ps/nm/km or less, and the value (DPS) obtained by 
dividing the dispersion value by said dispersion slope 
becomes 12 through 80. 

[0014] Furthermore, the third construction of the 



4 

invention is featured in that a dispersion slope compen- 
sating optical fiber including the first and second 
embodiments is formed so as to cover the outer circum- 
ferential side of the center core by side core layers and 
cover the outer circumferential side of the correspond- 
ing side core layers by a clad layer, wherein A1 > A3> 
A2, A2/A1£-0 45, and A1^1.2% are established where 
the relative refractive index difference of said center 
core with respect to pure Si0 2 glass is A1 , the relative 
refractive index difference of said side core layer with 
respect to pure Si0 2 glass is A2, and the relative refrac- 
tive index difference of said clad layer with respect to 
pure Si0 2 glass is A3. 

[0015] Furthermore, the fourth construction of the 
invention is featured in that in a dispersion slope com- 
pensating optical fiber including said third embodiment, 
A2/A1^-0.6 is established. 

[001 6] Furthermore, the fifth embodiment of the inven- 
tion is featured in that in a dispersion slope compensat- 
ing optical fiber including said third embodiment, a 
dopant is added onto said dad layer, which increases 
the refractive index at an area greater by at least six 
times than that of the outer diameter of the side core 
layer with the center of the side core layer used as the 
center of the dopant. 

[0017] Furthermore, the sixth embodiment of the 
invention is featured in that in a dispersion slope com- 
pensating optical fiber including the fifth embodiment, 
the relative refractive index difference of the area, to 
which a dopant for increasing said refractive index is 
added with respect to pure Si0 2 glass, is established to 
be 0.35% or more. 

[0018] Furthermore, the seventh embodiment of the 
invention is featured in that the said dopant in the said 
fifth or sixth embodiment is germanium. 
[0019] Furthermore, the eighth embodiment of the 
invention is featured in that in a dispersion slope com- 
pensating optical fiber including the third or fourth 
embodiment, 3^m^a^6|im, 8^m^b^12^m, and 
0.375<£a/b^0.55 are established where the outer diame- 
ter of the said center core is "a" and the outer diameter 
of the side core layer is M b". 

[0020] In the first embodiment of the invention, since 
the average dispersion slope on the predetermined 
wavelength band in the range from 1530nm to 161 Onm 
of wavelength is established to be O.eps/nrr^/km or 
less, a positive dispersion slope and a negative disper- 
sion slope are counterbalanced at said predetermined 
wavelength band from at least 1530nm to 161 Onm in 
wavelength by connecting a dispersion slope compen- 
sating optical fiber, according to the invention, to a pos- 
itive dispersion slope optical fiber such as TRUE WAVE 
having a positive dispersion slope. 
[0021 ] Furthermore, in the present specification, the " 
predetermined wavelength band" averages a wave- 
length band which is able to compensate both disper- 
sion (chromatic dispersion) and a dispersion slope 
(chromatic dispersion slope) of a positive dispersion 
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slope optical fiber by a dispersion slope compensating 
optical fiber according to the invention. 
[0022] Moreover, the average dispersion slope of a 
dispersion slope compensating optical fiber, according 
to the invention, on said predetermined wavelength 
band in the range from 1530nm to 1610nm in wave- 
length is -O.eps/nrrr^/km or less although the average 
dispersion slope in the range from 1530nm to 1610nm 
in wavelength of TRUE WAVE is approximately 0.07 to 
O.l/ps/nrrr^/km. Therefore, in a case where a dispersion 
slope compensating optical fiber, according to the 
invention, is connected to, for example, TRUE WAVE, 
the average dispersion slope of which is approximately 
0.07ps/nm 2 /km in the range from 1530nm to 1610nm in 
wavelength, it becomes possible to make the dispersion 
slope almost zero on the said predetermined wave- 
length band in the range from 1530nm to 1610nm in 
wavelength, making the length of a dispersion slope 
compensating optical fiber, according to the invention, 
shorter by approximately one-ninth or less than the 
length of TRUE WAVE. 

[0023] Furthermore, in the first embodiment of the 
invention, since the value of DPS is a positive value of 

160 or less and the maximum value of the DPS of opti- 
cal fibers currently used for an optical transmission sys- 
tem is approximately 160, it is possible to prevent 
dispersion, which may adversely influence optical trans- 
mission, from remaining, by connecting a dispersion 
slope shifted optical fiber according to the first embodi- 
ment, in which the DPS value is established with 
respect to a positive dispersion slope optical fiber, the 
chromatic dispersion value of which is positive. Thereby, 
the dispersion slope and chromatic dispersion of all 
positive dispersion slope optical fibers including TRUE 
WAVE can be compensated, wherein a high-density 
and high bit rate wavelength division multiplex transmis- 
sion of high reliability is enabled. 

[0024] That is, a dispersion slope compensating opti- 
cal fiber, according to the first embodiment of the inven- 
tion, is such that the average dispersion slope in the 
predetermined range in the range from 1530nm to 

1 61 Onm in wavelength, which will be the gain band of an 
optical amplifier (ED FA) in which an erbium-doped opti- 
cal fiber is used, is established to be - O.eps/nrrr^/km or 
less, the dispersion value on the said predetermined 
wavelength band is established to be -6ps/nm/km or 
less, and the value obtained by dividing the dispersion 
value by the said dispersion slope is a positive value of 
160 or less. Therefore, the DPS value is set so as to 
cause the chromatic dispersion value to correspond to a 
positive dispersion slope optical fiber, and by connect- 
ing the dispersion slope compensating optical fiber to a 
positive dispersion slope optical fiber, it is possible to 
prevent that dispersion, equivalent to an amount by 
which optical transmission is hindered, from remaining, 
wherein dispersion slope and chromatic dispersion of all 
positive dispersion slope optical fibers, the chromatic 
dispersion value of which is positive, can be compen- 



sated, and it is possible to carry out high-density and 
high bit rate wavelength division multiplex transmission 
of high reliability. 

[0025] Furthermore, in a dispersion slope compensat- 

s ing optical fiber according to the second embodiment, 
the average dispersion slope in said predetermined 
wavelength t>and is established to be -Ips/nrr^/km or 
less. Therefore, for example, in a case where the disper- 
sion slope compensating optical fiber, according to the 

10 invention, is connected to TRUE WAVE whose average 
dispersion slope in the range from 1530nm to 161 Onm 
in wavelength is approximately 0.07ps/nm 2 /km. with the 
length of the dispersion slope compensating optical 
fiber according to the invention made shorter by one-fif- 

15 teenth than that of TRUE WAVE, it is possible to make 
the dispersion slope in the said predetermined wave- 
length band equivalent to almost zero. 
[0026] Furthermore, a dispersion slope compensating 
optical fiber according to the second embodiment of the 

20 invention is such that the dispersion value in the said 
predetermined wavelength band is established to be - 
12.5ps/nm/km or less, and the value obtained by divid- 
ing the dispersion value by said dispersion slope is 
established to be 12 through 80. Therefore, the value 

25 (DPS) obtained by dividing the dispersion value in the 
wavelength of 1530nm to 1610nm by the dispersion 
value is about 75% to 125% of the DPS (approximately 
15 to 60) of TRUE WAVE. By connecting TRUE WAVE 
and a dispersion slope compensating optical fiber 

30 according to the invention to each other if the DPS is in 
this range, no dispersion which hinders optical trans- 
mission remains. 

[0027] Furthermore, in the first and second embodi- 
ments of the invention, since either one of the disper- 

35 sion values in wavelengths in said predetermined range 
is negative and no zero dispersion wavelength exists in 
the wavelength band, no four-wave mixing (FWM) is 
generated in optical transmission in this wavelength 
range, and high-density and high bit rate wavelength 

40 division multiplex transmission of high reliability is ena- 
bled. 

[0028] Therefore, for example, by connecting a disper- 
sion slope compensating optical fiber according to the 
second embodiment of the invention, which is shorter 

45 by one-fifteenth times or less than that of TRUE WAVE, 
to TRUE WAVE, that is, by inserting the dispersion 
slope compensating optical fiber according to the inven- 
tion into the existing line for optical transmission as a 
module, it is possible to easily make the dispersion 

so value of optical signals almost zero in the wavelength of 
1530nm to 1610nm, which will be the gain band of 
ED FA. As a result, in a wavelength division multiplex 
transmission, signals in the respective wavelengths can 
be clearly distinguished and separated at the receiving 

55 side, wherein high-density and high bit rate wavelength 
division multiplex transmission of high reliability is ena- 
bled. 

[0029] That is, in a dispersion slope compensating 
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optical fiber according to the second embodiment of the 
invention, the average dispersion slope in said predeter- 
mined range of a range from 1530nm to 1610nm in 
wavelength is established to be - 1ps/nm 2 /km or less 
and the value obtained by dividing the dispersion value 
in said predetermined wavelength band by said disper- 
sion slope is caused to become 12 through 80. There- 
fore, if a dispersion slope compensating optical fiber 
according to the invention is connected to. for example, 
a positive dispersion slope optical fiber (TRUE WAVE) 
whose average dispersion slope is approximately 0.07 
to 0.1 ps/nm 2 /km in a wavelength from 1530nm to 
1610nm and dispersion value in the same wavelength 
band is greater by about 1 5 to 60 times than that of the 
dispersion slope, both the dispersion and dispersion 
slope of TRUE WAVE can be compensated with a 
length which is shorter by about one-fifteenth or less 
than the length of TRUE WAVE, and it is possible to 
cause the dispersion slope in said wavelength band to 
be drawn to nearly zero. 

[0030] Accordingly, a dispersion slope compensating 
optical fiber according to the second embodiment of the 
invention can be easily incorporated, as a module, into 
a relay station of the existing line, which is composed of 
positive dispersion slope optical fibers such as TRUE 
WAVE, etc., and it is possible to easily construct a wave- 
length division multiplex transmission system in a wave- 
length band of 1550nm, which is provided with EDFA 
(Erbium doped fiber amplifiers). Furthermore, the dis- 
persion at the gain band of the EDFA, which is the 
wavelength in the system, can be made almost zero in 
the entire use wavelength band, and the four-wave mix- 
ing which is one of linear phenomena, can be prevented 
from occurring, where it becomes possible to construct 
an optical transmission system which enables reliable 
high-density and high bit rate transmission of high relia- 
bility. 

[0031 ] Furthermore, the dispersion slope compensat- 
ing optical fiber is such that the outer circumferential 
side of the center core is covered by a side core layer 
and the outer circumferential side of the corresponding 
side cover layer is covered by a clad layer, wherein A1> 
A3> A2, A2/A1«£-0.45, and A12>1.2% are established 
where the relative refractive index difference of said 
center core with respect to pure Si0 2 glass is A1 , the 
relative refractive index difference of said side core layer 
with respect to pure Si0 2 glass is A2, and the relative 
refractive index difference of said clad layer with respect 
to pure Si0 2 glass is A3. According to the third embodi- 
ment of the invention, in which A1^1.2% is established, 
if the refractive index structure of a dispersion slope 
compensating optical fiber is constructed as described 
above, it is possible to easily and securely form a dis- 
persion slope compensating optical fiber provided with 
chromatic dispersion characteristics, which is able to 
perform said satisfactory compensation of dispersion 
and dispersion slope. 

[0032] Furthermore, according to the fourth embodi- 



ment in which A2/Al£-0.6 is established in addition to - 
the third embodiment of the invention, it is possible to 
further easily and securely form a dispersion slope com- 
pensating optical fiber provided with chromatic disper- 
5 sion characteristics, which is able to perform said 
satisfactory compensation of dispersion and dispersion 
slope. - 

[0033] Furthermore, according to the fifth embodiment 
of the invention, in which a dopant for increasing the 

10 refractive index is added to the clad layer at an area, 
which is greater by at least six times than the outer 
diameter of the side core layer, with the center thereof 
made identical to that of the side core layer, since the 
relative refractive index difference of the optical trans- 

75 mission area (an area which is greater by about six 
times than the outer diameter of the side core layer with 
the center thereof made identical to that of the side core 
layer) with respect to pure Si0 2 glass can be increased 
by providing the clad layer with an area to which a 

20 dopant for increasing the refractive index is added, it is 
possible to decrease the optical transmission loss, and 
the transmission loss of a dispersion slope compensat- 
ing optical fiber can be lowered. 

[0034] Furthermore, according to the embodiments of 
25 the invention in which the relative refractive index differ- 
ence of the area, to which a dopant for increasing the 
refractive index is added, with respect to pure Si0 2 
glass is established to be 0.35% or more, since it is pos- 
sible to further increase the relative refractive index dif- 
30 ference of the said optical transmission area with 
respect to pure Si0 2 glass, high-density and high bit 
rate wavelength division multiplex transmission of fur- 
ther higher reliability is enabled. 
[0035] Furthermore, according to the embodiment of 
35 the invention in which the dopant to be added to said 
clad layer is germanium, it is possible to easily increase 
the relative refractive index difference with respect to 
pure Si0 2 glass at the optical propagation area on the 
clad layer. 

40 [0036] Furthermore, in the eighth embodiment of the 
invention, in which 3nm£a£6jim, 8|im^b^12^m, and 
0.375^a/b£0.55 are established where the outer diame- 
ter of said center core is "a" and the outer diameter of 
the side core layer is "b\ it is possible to favorably com- 

45 pensate the dispersion and dispersion slope, and it is 
possible to very easily obtain a dispersion slope com- 
pensating optical fiber suitable for high-density and high 
bit rate wavelength division multiplex transmission of 
higher reliability. 

50 

Brief Description of Drawings 
[0037] 

55 FIG.1 is a configurational view showing a refractive 
index profile structure (a) and cross-section (b) of 
the first preferred embodiment of a dispersion slope 
compensating optical fiber according to the inven- 
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tion, 

FIG.2 is graph showing the relationship between a 
ratio (A 2/A1=Rd) of the relative refractive index 
difference A2 of an optical fiber having a W-shaped 
refractive index profile shown in (a) with respect to 5 
pure Si0 2 glass and the relative refractive index dif- 
ference A1 of the center core with pure Si0 2 glass 
and the average dispersion slope at an optionally 
predetermined wavelength band of 30nm in the 
range from 1 530nm to 1 630nm in wavelength, io 
FIG.3 is a graph showing the relationship between 
the dispersion value and average dispersion slope 
of an optical fiber having a W-shaped refractive 
index profile shown by (a) in FIG.1 , in an optionally 
predetermined wavelength band of 30nm in the 75 
range from 1530nm to 1610nm in wavelength, 
FIG. 4 is a graph showing the relationship between 
the relative refractive index difference A1 of the 
center core with respect to pure Si0 2 glass in an 
optical fiber having a W-shaped refractive index 20 
profile shown by (a) in FIG.1 and the bending loss 
of the optical fiber, 

FIG .5 is a configurational view showing the refrac- 
tive index profile structure (a) and cross section (b) 
of the second embodiment of a dispersion slope 25 
compensating optical fiber according to the inven- 
tion, 

FIG.6 is a graph showing the relationship between 
the relative refractive index difference A3a of the 
inner clad layer 5a with respect to pure Si0 2 glass 30 
in an optical fiber having a refractive index profile 
shown by (a) in FIG.5 and the optical transmission 
loss of the optical fiber, and 
FIG.7 is a graph showing chromatic dispersion 
characteristics of TRUE WAVE which is one exam- 35 
pie of conventionally proposed positive dispersion 
slope optical fibers. 



Best Mode for Carrying Out the Invention 

40 

[0038] A detailed description is given of the invention 
with reference to the accompanying drawings. 

(a) in FIG.1 shows the refractive index profile char- 
acteristics according to the first embodiment of a 45 
dispersion slope compensating optical fiber accord- 
ing to the invention, and (b) therein shows a cross- 
sectional view of the dispersion slope compensat- 
ing optical fiber. 

50 

[0039] As shown in these drawings, a dispersion slope 
compensating optical fiber according to the embodi- 
ment of the invention is formed so that the outer circum- 
ferential side of the center core 3 is covered by a side 
core layer 4 and the outer circumferential side of the 55 
side core layer 4 is covered by a clad layer 5, wherein 
the clad layer 5 is formed of pure Si0 2 glass. Further- 
more. A1> A3> A2 is established and a W-shaped 



refractive index profile is presented where the relative 
refractive index difference of the center core 3 with 
respect to pure Si0 2 glass is A1, the relative refractive 
index difference of the side core layer 4 with respect to 
pure Si0 2 glass is A2, and the relative refractive index 
difference of the clad layer 5 with respect to pure Si0 2 
glass is A3. Furthermore. A2/A1=Rd £-0.45 and 
A1£1.2% are established. In particular, it is preferable 
that Rd £-0.6 is established. 

[0040] Furthermore, in the present specification, 
where the refractive index of pure Si0 2 glass (Silica: 
Si0 2 ) is n 0 , the refractive index of the clad layer 5 is n L , 
the refractive index of the side core layer 4 is n s , and the 
refractive index of the center core 3 is n c , the relative 
refractive index difference A1 of the center core 3 with 
respect to pure Si0 2 glass is defined by the following 
expression (1): 

A1={(n c 2 -n o 2 )/2n c 2 }x100 (1) 

[0041 ] Furthermore, the relative refractive index differ- 
ence A2 of the side core layer 4 with respect to pure 
Si0 2 glass is defined by the following expression (2): 

A2={(n s 2 -n o 2 )/2n s 2 }x100 (2) 

[0042] Furthermore, the relative refractive index differ- 
ence A3 of the clad layer 5 with respect to pure Si0 2 
glass is defined by the following expression (3): Further- 
more, in the present embodiment, since the clad layer 5 
is made of pure Si0 2 glass (Silica), n L =n 0 . Therefore, 
A3=0. 

A3={(n L 2 -n 0 2 )/2n L 2 ) x 100 (3) 

[0043] A dispersion slope compensating optical fiber 
according to the embodiment is provided with the 
refractive index profile characteristics described above, 
wherein the average dispersion slope in the wavelength 
from I530nm to 1610nm is established to be - 
1 .00ps/nm 2 /km or less, the dispersion value in the same 
wavelength band is established to be -12.5ps/nm/km or 
less, and the value obtained by dividing the dispersion 
value by the dispersion slope is 12 through 80 (prefera- 
bly, 15 through 60). Thereby, in the present embodi- 
ment, the average dispersion slope, for example, in an 
optional range of 30nm of the predetermined range in 
the range from 1530nm to 1610nm in wavelength is 
established to be -1 .00ps/nm 2 /km or less, the disper- 
sion value is established to be -12.5ps/nm/km or less, 
and the value obtained by dividing the dispersion value 
by the dispersion slope is established to be 12 through 
80 (preferably 15 through 60). 

[0044] Furthermore, in a dispersion slope compensat- 
ing optical fiber according to the embodiment. 
3n£a£6um, 8jim£b£l2*im, and 0.4£a/b£0.5 are estab- 
lished where the outer diameter of said center core 3 is 
"a" and the outer diameter of the side core layer 4 is "b'\ 
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[0045] Furthermore, in order to cause the positive dis- 
persion slope of TRUE WAVE to become almost zero by 
connecting a dispersion slope compensating optical 
fiber according to the embodiment, the length of which 
is approximately one-ninth that of TRUE WAVE, to 
TRUE WAVE, the average dispersion slope of which is 
approximately 0.07ps/nm 2 /km in, for example a wave- 
length from 1530nm to 1610nm, since the average dis- 
persion slope of the said TRUE WAVE with respect to 
the wavelength from 1530nm to 1610nm is approxi- 
mately 0.07 to 0.1ps/nm 2 /km, it is necessary that the 
average dispersion slope in the wavelength bard of said 
optional 30nm in the range from 1530nm to 1610nm in 
wavelength is established to be -0.6ps/nm 2 /km. 
[0046] Furthermore, in order to make the positive dis- 
persion slope of said TRUE WAVE almost zero by con- 
necting a dispersion slope compensating optica! fiber 
according to the embodiment, the length of which is 
approximately one-fifteenth or less that of the TRUE 
WAVE, it is necessary that the average dispersion slope 
in the wavelength band of said optional 30nm is estab- 
lished to be -1ps/nm 2 /km or less. 
[0047] Furthermore, if the value (DPS) obtained by 
dividing the dispersion value of a dispersion slope com- 
pensating optical fiber according to the embodiment in a 
wavelength band of said optional 30nm by the disper- 
sion slope is made 75% to 125% of the DPS of TRUE 
WAVE, no dispersion equivalent to an amount by which 
hindrance is generated in optical transmission is permit- 
ted to remain in said wavelength band by connecting a 
dispersion slope compensating optical fiber according 
to the invention and TRUE WAVE to each other. Fur- 
thermore, if the DPS of a dispersion slope compensat- 
ing optical fiber according to the embodiment is made 
almost equal to the DPS of TRUE WAVE, the residual 
dispersion can be made almost zero. Therefore, it is 
preferable that both DPS are made almost equal to 
each other. 

[0048] Therefore, the following experiment was car- 
ried out as regards an optical fiber having said W- 
shaped refractive index profile in order to obtain a dis- 
persion slope compensating optical fiber in which the 
dispersion slope and DPS become the values described 
above. First, the ratio ( A2/A1 =Rd ) of the relative refrac- 
tive index difference A2 of the side core layer 4 for pure 
Si0 2 glass with respect to the relative refractive index 
difference A1 (the relative refractive index difference A1 
of the center core 3 with respect to pure Si0 2 glass) of 
the center core 3 for pure Si0 2 glass was used as a 
parameter, and the dispersion slope of the optical fiber 
was measured while variously changing the Rd, 
wherein the relationship between Rd and the dispersion 
slope was examined. Furthermore, at this time, the 
value of a/b was kept constant. The result thereof is 
shown in FIG. 2. As has been made clear in FIG. 2, it is 
understood that it is necessary to set the Rd to -0.45 or 
less in order to make the dispersion slope - 
O.Bps/nrr^/km, and it is necessary to set the Rd to -0.6 



or less in order to make the dispersion slope - - 
1ps/nm 2 /km. 

[0049] Furthermore, the relationship between the 
average dispersion slope and dispersion value of an 

5 optical fiber in an optional 30nm wavelength band in the 
range from 1530nm to 1610nm in wavelength was 
examined, wherein the result shown in FIG.3 could be 
obtained. As has been made clear in the same drawing, 
it is understood that it is necessary to set the dispersion 

w value to approximately -6ps/nm/km or less in order to 
make the average dispersion slope of an optical fiber - 
O.eps/nrrr^/km or less, and it is necessary to set the dis- 
persion value to approximately -1 2.5ps/nm/km or less in 
order to make the average dispersion slope of an optical 

75 fiber -1ps/nm 2 /km or less. Furthermore, for example, 
where the average dispersion slope of an optical fiber is 
determined to -1ps/nm 2 /km and the dispersion value 
thereof is determined to be -12.5ps/nm/km, the DPS is 
made 12.5, and if the average dispersion slope is deter- 

20 mined to be -1 .25ps/nm 2 /km, the dispersion value is 
made approximately -27ps/nm/km and the DPS thereof 
is made 21 .6. Therefore, for example, on the basis of 
the data of the relationship shown in FIG. 3, it is possi- 
ble to determine the dispersion slope and dispersion 

25 value so that the DPS becomes 1 2 through 80. 

[0050] The loss (transmission loss) resulting from light 
leakage when propagating light in an optical fiber while 
variously varying the relative refractive index difference 
A1 of the center core 3 with respect to the clad layer 5 

30 with A1 used as a parameter was measured. For exam- 
ple, as shown in FIG. 4, as A1 becomes a value which is 
less than 1 .2%, the loss resulting from the light leakage 
was made greater, wherein it was confirmed that it 
would become difficult to use the optical fiber as an opti- 

35 cal transmission line. Furthermore, FIG.4 shows the val- 
ues of bending loss when a dispersion slope optical 
fiber is bent with a bending radius of 20mm, in order to 
investigate the loss resulting from said light leakage. 
[0051] On the basis of said experiment, a dispersion 

40 slope compensating optical fiber according to the 
embodiment of the invention has, as described above, a 
W-shaped refractive index profile structure as shown by 
(a) in FIG.1 , and it is made such that A2/A1=Rd£-0.45 
(preferably, Rd^-0.6) and A1^1,2% are established, the 

45 average dispersion slope in the said optional wave- 
length of 30nm in the range from 1530nm to 1630nm in 
wavelength is established to be -O.eps/nrr^/km or less 
(preferably, -1 .00ps/nm 2 /km or less), the dispersion 
value in the same wavelength band is established to - 

so 6ps/nm/km or less (preferably -12.5ps/nm/km or less), 
and said DPS is established to be 12 through 80 (pref- 
erably 15 through 60). 

[0052] Furthermore, when producing dispersion slope 
compensating optical fibers as described above, they 
55 were produced while varying the outer diameter "a" of 
the center core 3 and the outer diameter "b" of the side 
core layer 4 and varying the value of a/b. When 
3nm£a£6nm, 8|im£b£12um. and 0.4£a/b£0.5 were 
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established in order to cause dispersion slope compen- 
sating optical fibers to have such average dispersion 
slope and dispersion values as described above in said 
optional wavelength 

band of 30nm in the wavelength from 153Qnm to 5 
1610nm, it was confirmed that it is possible to easily 
produce dispersion slope compensating optical fibers 
having said characteristics. 

[0053] Accordingly, as a practical example of the 
embodiment of the invention, a dispersion slope com- 10 
pensating optical fiber, 2.7km long, whose average dis- 
persion slope is -I.OSps/nrr^/krn and zero dispersion 
wavelength is 1 5l5nm in said optional wavelength band 
of 30nm in the range from 1530nm to 1610nm in wave- 
length was prepared and connected to TRUE WAVE 15 
whose zero dispersion wavelength is 151 5nm and aver- 
age dispersion slope in the wavelength from 1530nm to 
161 Onm is 0.07ps/nm 2 /km, wherein both the dispersion 
slope and chromatic dispersion in said optional wave- 
length band of 30 nm were shifted, and the dispersion in 20 
the said wavelength band was made ±0.03ps/nm/km or 
so. That is, almost zero dispersion could be obtained. 
[0054] Furthermore, if a dispersion slope compensat- 
ing optical fiber whose dispersion slope in said wave- 
length band is, for example, -0.07ps/nm 2 /km is 25 
connected to TRUE WAVE having said dispersion char- 
acteristics, it is possible to make the dispersion in said 
wavelength band almost zero ( ± 0.03ps/nm/km). How- 
ever, in this case, it will be necessary to prepare a dis- 
persion slope compensating optical fiber which has 30 
almost the same length as that of TRUE WAVE, that is, 
40km long. Therefore, it becomes difficult to insert, as a 
module, the dispersion slope compensating optical fiber 
into a repeater of the existing line composed of TRUE 
WAVE. 35 
[0055] According to the embodiment of the invention, 
since, as described above, both the dispersion slope 
and chromatic dispersion in the wavelength band from 
1530nm to 161 Onm in wavelength are shifted by a 
length which is, for example, approximately one-fif- 40 
teenth of the TRUE WAVE and the chromatic dispersion 
can be made almost zero dispersion, it is possible to 
easily insert, as a module, a dispersion slope compen- 
sating optical fiber according to the embodiment of the 
invention, into a repeater of the existing line composed 45 
of TRUE WAVE, whereby the dispersion at said wave- 
length band can be made almost zero dispersion. 
[0056] Furthermore, since, a dispersion slope com- 
pensating optical fiber according to the embodiment of 
the invention is such that the dispersion of the wave- so 
length band of an optional wavelength band of 30nm in 
the range from 1530nm to 1610nm in wavelength, which 
will become the gain band of an optical amplifier (EOFA) 
having an erbium-doped optical fiber, is -12.5ps/nm/km 
or less, and has no zero dispersion wavelength in said 55 
optional wavelength band of 30nm, there is almost no 
case where the four-wave mixing (FWM) occurs when 
signal light of a wavelength band of 1550nm (approxi- 



mately 1530nm to 161 Onm in wavelength) is made inci- 
dent into the dispersion slope compensating optical 
fiber. Furthermore, generation of the FWM is sup- 
pressed in TRUE WAVE as described above. 
[0057] Therefore, if a dispersion slope compensating 
optical fiber according to the embodiment of the inven- 
tion is connected to TRUE WAVE which is the object to 
be connected and is applied to a wavelength division 
multiplex transmission system at a wavelength band of 
1550nm, which is provided with an EDFA, it is possible 
to construct an optical transmission system which does 
not generate any FWM and in which the chromatic dis- 
persion is made almost zero at the receiving end in the 
entire wavelength band, and an excellent optical trans- 
mission system enables high-density and high bit rate 
wavelength division multiplex transmission of very high 
reliability can be constructed. 

[0058] FIG. 5(a) shows refractive index profile charac- 
teristics of the second embodiment of a dispersion 
slope compensating optical fiber according to the inven- 
tion, and FIG.5(b) shows a cross-sectional view of the 
dispersion slope compensating optical fiber. Although a 
dispersion slope compensating optical fiber according 
to the second embodiment is constructed to be nearly 
similar to the first embodiment, in the second embodi- 
ment, germanium (Ge) is added, as a dopant to 
increase the refractive index, onto an area, which is 
greater by at least six times than the outer diameter of 
the side core layer, on the clad layer 5 with the center 
thereof made identical to that of the side core layer 4. As 
shown in the following expression (4), the relative 
refractive index difference A3 of the area with respect to 
pure Si0 2 glass is established to be 0.35% or more. 

A3a = {n La 2 -n 0 2 )/2n La 2 }x100 (4) 

where n La indicates the refractive index of said area. 
[0059] In other words, in the second embodiment, as 
shown in FIG.5, the clad layer 5 has an inner clad layer 
5a and an outer clad layer 5b, and germanium (Ge) is 
doped onto the inner clad layer 5a, wherein the relative 
refractive index difference A3 of the inner clad layer 5a 
with respect to pure Si0 2 glass is established to be 
0.35%. Furthermore, the outer diameter " a" of the inner 
clad layer 5a is made greater by approximately six times 
than the outer diameter "b M of the side core layer 4 
(c^6b). Furthermore, the outer clad layer 5b is omitted, 
and the relative refractive index difference A3 of the clad 
layer 5 with respect to pure Si0 2 glass may be made 
0.35% or more with germanium doped onto the entire 
area of the clad layer 5. 

[0060] In the second embodiment, as described 
above, the viscosity of the center core 3, side core layer 
4 and clad layer 5 is made to approach each other by 
doping germanium (Ge) onto the clad layer 5. 
[0061] When specifying the construction of the sec- 
ond embodiment of the invention, the present applicant 
investigated the relationship between the relative refrac- 
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tive index difference A of the optical propagation area 
with respect to pure Si0 2 glass and the optical transmis- 
sion loss of the dispersion slope compensating optical 
fiber. That is, the applicant investigated said relationship 
while varying the relative refractive index difference A of 
said area with respect to pure Si0 2 glass with a dopant 
such as germanium (Ge) for increasing the refractive 
index added onto the area, which is greater by at least 
six times than the outer diameter of the side core layer 
4, on the clad layer 5 with the center thereof made iden- 
tical to that of the side core layer 4. The results are 
shown in FIG.6. 

[0062] As has been made clear in this drawing, if said 
relative refractive index difference A is increased more 
than zero, the optical transmission loss is decreased. In 
particular, it is understood that the optical transmission 
loss is radically decreased as said relative refractive 
index difference A exceeds 0.35%. Therefore, as 
described above, the second preferred embodiment is 
constructed so that germanium (Ge) is doped at an 
area, which is greater by at least six times than the outer 
diameter of the side core layer 4, on the clad layer 5 with 
the center thereof made identical to that of the side core 
layer 4 and the relative refractive index difference A3 of 
the area with respect to pure Si0 2 glass exceeds 
0.35%. Furthermore, in addition to that the relative 
refractive index difference A of said area with respect to 
pure Si0 2 glass is increased if a germanium dopant is 
added onto the clad layer 5, the viscosities of the center 
core 3, side core layer 4 and clad layer 5 are made to 
approach each other each other, wherein it is consid- 
ered that a lowering of the optical transmission loss can 
be achieved as described above. 
[0063] With the second embodiment, since it has a 
refractive index profile structure as shown in FIG.5, the 
second embodiment provides effects similar to those of 
the first embodiment. Furthermore, since the second 
embodiment is constructed so that germanium (Ge) is 
doped at an area, which is greater by at least six times 
than the outer diameter of the side core layer 4, on the 
clad layer 5 with the center thereof made identical to 
that of the side core layer 4 and the relative refractive 
index difference A3a of the area with respect to pure 
Si0 2 glass exceeds 0.35%, it is possible to further lower 
the optical transmission loss than in the first embodi- 
ment. 

[0064] A dispersion slope compensating optical fiber 
according to the second embodiment can be produced 
by, for example, detailed production examples 1 through 
7 described below. 

(Production example 1) 

[0065] First, a center core 3 containing germanium 
(Ge) is composed by a VAD method (Vapor-phase Axial 
Deposition Method) using one burner, and it is vitrified 
thereafter. A side core layer 4 is formed on the center 
core 3 by an outside attaching method, wherein when 



vitrifying, fluorine is doped onto the side core layer 4 to 
form a fluorine-doped layer. Furthermore, germanium 
(Ge) is high-doped (doped at a high concentration) on a 
clad layer 5 by a Ge-OVD (germanium doped Outside 
5 Vapor-phase Deposition) method, whereby a dispersion 
slope optica! fiber is produced. 

(Production example 2) 

10 [0066] First, both the center core 3 and side core layer 
4 are formed as in the production example 1 , and ger- 
manium is high-doped onto the clad layer 5 by the VAD 
method. Thereafter, it is vitrilied to be made into a dis- 
persion slope optical fiber. 

15 

(Production example 3) 

[0067] First, both the center core 3 and side core layer 
4 are produced as in the production examples 1 and 2. 

20 A substance in which the side core layer 4 is provided 
around the center core 3 is called a " core body". The 
clad layer 5 is formed so that a germanium (Ge) doped 
quartz bar is made into pipe, and the pipe of the clad 
layer 5 is attached by jacket to the said core body (the 

25 core body is inserted into the pipe, wherein the core 
body and clad layer 5 are made integral with each other 
by heating them) , thereby producing a dispersion slope 
optical fiber. 

30 (Production example 4) 

[0068] First, the center core 3 and side core layer 4 
are formed as in the production examples, 1 , 2, and 3, 
and the clad layer 5 is formed, as a core body, of a Ge 
35 tube composed by a MCVD (Modified Chemical Vapor 
Deposition) method, wherein the Ge tube is attached by 
jacket to the core body, thereby producing a dispersion 
slope optical fiber. 

40 (Production example 5) 

[0069] First, the center core 3 containing Ge is com- 
posed by the VAD method using one burner and is vitri- 
fied thereafter. Aside core layer 4 and a clad layer 5 are 

45 formed on the center core 3 in order by the outside 
attaching method, and when vitrifying the side core 
layer 4, boron is co-doped along with fluorine in order to 
obtain a fluorine-boron co-doped layer. Ge is doped 
when composing the dad layer 5, in order to make a 

so Ge-doped layer. Thereafter, a dispersion slope optical 
fiber is produced by vitrifying them. 

(Production example 6) 

55 [0070] The center core 3 of a Ge-doped layer, side 
core layer 4 of a fluorine-doped layer, and clad layer 5 of 
a Ge-doped layer are composed by the MCVD method 
sequentially from the clad layer 5. thereby producing a 
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dispersion slope optical fiber. 
(Production example 7) 

[0071 ] The center core 3 of a Ge-doped layer, side 
core layer 4 of a fluorine and boron co-doped layer and 
clad layer 5 of a Ge-doped layer are composed by the 
MCVD method sequentially from the clad layer 5. 
thereby producing a dispersion slope compensating 
optical fiber. 

[0072] A dispersion slope compensating optical fiber 
according to the second embodiment is produced by 
producing an optical fiber by individually forming the 
center core 3. side core layer 4 and clad layer 5, using 
the production methods described above. By producing 
an optical fiber as described above, it is possible to 
obtain a dispersion slope optical fiber which is able to 
provide such excellent effects as described above. 
[0073] Furthermore, for comparison, the present 
applicant formed two or more layers at the same time in 
various manners, that is, the center core 3, side core 
layer 4 and clad layer 5 are simultaneously composed 
by the VAD method using, for example, three burners 
while the center core 3 and side core layer 4 are simul- 
taneously composed by the-VAD method using two 
burners, and vitrified in a fluorine atmosphere, and Ge is 
thereafter highly doped onto the clad layer 5 by using 
the Ge-OVD method, and two or more layers are simul- 
taneously formed by using a jacket-attaching method 
while the center core 3 and side core layer 4 are simul- 
taneously composed by the VAD method using two 
burners. However, in any one of the above cases, it was 
not possible to form a dispersion slope optical fiber of 
the second embodiment having a refractive index profile 
structure as shown in FIG.5. 

[0074] One reason as to why, for example, considers 
that when simultaneously composing the center core 3 
and side core layer 4 and simultaneously vitrifying them, 
fluorine is also doped onto the center core 3 when 
attempting to dope fluorine onto the side core layer 4. 
[0075] Furthermore, the invention is not limited to the 
said embodiments. Various modifications and variations 
are available. For example, although, in the said second 
embodiment, germanium dopant is added onto the clad 
layer 5 to increase the refractive index of the clad layer 
5, and the dopant added onto the clad layer 5 is not nec- 
essarily limited to germanium. It may be any dopant 
other than germanium if it has the ability to increase the 
refractive index, for example, phosphate (P), and alu- 
minium (Al), etc., may be doped onto the clad layer 5. 
[0076] Furthermore, in each of the said embodiments, 
an optional wavelength band of 30nm in the range from 
1530nm to 1610nm in wavelength is established as a 
wavelength band which compensates the chromatic dis- 
persion and dispersion slope of a positive dispersion 
slope optical fiber by a dispersion slope compensating 
optical fiber according to the respective embodiments. 
However, the wavelength band thus predetermined may 



be a wider wavelength band than 30nm, and no speci- 
fied limitation is provided for the amplitude, upper limit 
and lower limit thereof if the wavelength is within the 
range from 1530nm to 1610nm in wavelength. The 

5 wavelength band may be promptly determined. 

[0077] Furthermore, in the respective embodiments, 
the average" dispersion slope of a wavelength band in 
the predetermined range, for example, 30nm in the 
range from 1530nm to 1610nm in wavelength is estab- 

w lished to be -1 .05ps/nm 2 /km as in the example detailed. 
However, if a dispersion slope compensating optical 
fiber according to the invention meets the condition that 
the average dispersion slope in the predetermined 
wavelength band in the range from 1530nm to 1610nm 

is in wavelength becomes -0.6ps/nm 2 /km or less (prefera- 
bly, -1ps/nm 2 /krn or less), the slope may not be speci- 
fied. 

[0078] For example, where the average dispersion 
slope of a dispersion slope compensating optical fiber in 

20 said predetermined wavelength band is established to 
be - 0.6ps/nm 2 /km or less, if a dispersion slope com- 
pensating optical fiber constructed as described above 
is connected to TRUE WAVE whose average dispersion 
slope in the wavelength band is 0.07ps/nm 2 /km, it is 

25 possible to make the dispersion slope of TRUE WAVE 
almost zero with a length which is one-ninth of the 
length of TRUE WAVE. Furthermore, where the average 
dispersion slope of a dispersion slope compensating 
optical fiber in said predetermined wavelength band is 

30 established to be -1ps/nm 2 /km or less, if a dispersion 
slope compensating optical fiber constructed as 
described above is connected to TRUE WAVE whose 
average dispersion slope in the wavelength band is 
0.07ps/nm 2 /km, it is possible to make the dispersion 

35 slope of TRUE WAVE almost zero with a length which is 
approximately one-fifteenth of the length of TRUE 
WAVE. 

[0079] Furthermore, although the zero dispersion 
wavelength of a dispersion slope compensating optical 

40 fiber is established to be 1 51 5nm as a detailed example 
of the respective embodiments, the zero dispersion 
wavelength is promptly established so that it is made 
roughly coincident with the zero dispersion wavelength 
of a positive dispersion slope optical fiber such as TRUE 

45 WAVE which is connected thereto. 

[0080] Furthermore, although, in the first embodiment, 
the refractive index profile structure of a dispersion 
slope compensating optical fiber is made into a W- 
shaped refractive index profile structure shown by (a) in 

so FIG.1, and in the second embodiment, the refractive 
index profile structure of a dispersion slope optical fiber 
is made into the structure shown by (a) in FIG.5. the 
refractive index profile structure of a dispersion slope 
compensating optical fiber is not especially limited. It 

55 may be adequately established. However, by the refrac- 
tive index profile structure of a dispersion slope com- 
pensating optical fiber being made similar to the 
refractive index profile structure of the respective 
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embodiments and being established to be 
A2/A1^-0.45 , it is possible to easily form a dispersion 
slope compensating optical fiber whose average disper- 
sion slope in the predetermined wavelength band in the 
range from 1530nm to 1610nm in wavelength becomes 
-0.6ps/nm 2 /km or less. 

[0081 ] Accordingly, if the average dispersion slope in 
the predetermined wavelength band in the range from 
1530nm to 1610nm in wavelength is established to be - 
0.6ps/nm 2 /km or less, the dispersion value in said pre- 
determined wavelength band is -6ps/nm/km or less, and 
the value obtained by dividing said dispersion value of 
said dispersion slope becomes a positive value which is 
1 60 or less, the DPS value is established with respect to 
a positive dispersion slope optical fiber in which the 
chromatic dispersion value is positive is set since the 
maximum value of the DPS of an optical fiber currently 
used for an optical transmission system, etc., is approx- 
imately 160, whereby it is possible to prevent a remain- 
ing of the dispersion of such an amount as may 
influence on optical transmission. Therefore, by a dis- 
persion slope compensating optical fiber according to 
the invention, the length of which is short, both disper- 
sion slope and dispersion value of all positive dispersion 
slope optical fibers can be compensated, and a high- 
density and high bit rate wavelength division multiplex 
transmission of high reliability is enabled. 
[0082] Furthermore, the refractive index profile struc- 
ture of a dispersion slope compensating optical fiber is 
made into a refractive index profile structure which is 
similar to those of the respective embodiments, that is, 
is established to be A2/A1 £-0.6, whereby it is possible to 
easily form a dispersion slope compensating optical 
fiber whose average dispersion slope in the predeter- 
mined range in the range from 1530nm to 1610nm in 
wavelength becomes -Ips/hrrr^/km or less, and it is pos- 
sible to obtain a dispersion slope compensating optical 
fiber which is able to have a positive dispersion slope of 
TRUE WAVE, etc., by a much shorter length. 
[0083] And, if the dispersion value in said predeter- 
mined wavelength band is made -12.5ps/nm/km or less, 
and the value obtained by dividing the dispersion value 
by said dispersion slope is made 15 through 60, it is 
possible to compensate the dispersion slope of TRUE 
WAVE at a high reliability by using a dispersion slope 
compensating optical fiber, the length of which is, for 
example, one-fifteenth, according to the invention, and 
almost no dispersion is permitted to remain in a wave- 
length from 1 530nm to 1610nm. 

[0084] Furthermore, in the respective embodiments, 
wherein the outer diameter of the center core 3 is "a" 
and the outer diameter of the side core layer 4 is "b" . 
3fim^a^6fim, 8|im£b£l2jim, and 0.4^a/b^0.5 are 
established. However, these values "a" , "b" and w a/b" 
are not especially limited. They may be adequately 
established. For example, 0.375*a/b£0.55 may be 
acceptable. 

[0085] Furthermore, although, in the second embodi- 



ment, germanium (Ge) is doped onto the inner clad - 
layer 5a and the relative refractive index difference A3a 
of the inner clad layer 5a with respect to pure Si0 2 glass 
is established to 0.35% or more, it is not necessary that 
5 the relative refractive index difference A3a of the inner 
clad layer 5a with respect to pure Si0 2 glass is 0.35% or 
more. That is, the relative refractive index difference 
A3a may be 0.35% or less. 

[0086] Thus, if said relative refractive index difference 

10 A3a is increased as shown in FIG.6 by doping a dopant 
such as germanium which increases the refractive 
index, onto the inner clad layer 5a (onto the area which 
is greater by at least six times than the outer diameter of 
the side core layer with the center thereof made identi- 

15 cal to that of the side core layer 4) even though the rela- 
tive refractive index difference A3 a is a small value, it is 
possible to further decrease the transmission loss, of a 
dispersion slope compensating optical fiber in compari- 
son to a case where the relative refractive index differ- 

20 ence A3a is zero. Furthermore, if the relative refractive 
index difference A3a is established to be 0.35% or 
more, it is possible to remarkably decrease the trans- 
mission loss of a dispersion slope compensating optical 
fiber in comparison to a case where the value of the rel- 

25 ative refractive index difference A3a is 0.35% or less. 
[0087] Furthermore, in the respective embodiments 
described above, a description was given of an example 
in which a dispersion slope compensating optical fiber is 
connected to TRUE WAVE which is one of the examples 

30 of positive dispersion slope optical fibers and is applied 
to a wavelength division multiplex transmission system. 
However, a dispersion slope compensating optical fiber 
can be connected to a positive dispersion slope optical 
fiber other than TRUE WAVE, wherein even though the 

35 positive dispersion slope optical fiber is an optical fiber 
other than TRUE WAVE, the positive dispersion slope 
optical fiber and a dispersion slope compensating opti- 
cal fiber according to the invention are able to be con- 
nected to each other and applied to a wavelength 

40 division multiplex transmission system, and it is possible 
to approach the dispersion in a wavelength from 
1530nm to 1610nm to zero in the entire area of the 
wavelength used. Therefore, effects which are similar to 
those of each of the embodiments can be obtained. 

45 [0088] However, since a four-wave mixing can be sup- 
pressed without fail by connecting a dispersion shifted 
optical fiber according to the invention to TRUE WAVE 
as in the respective embodiments and applying the 
same to a wavelength division multiplex transmission 

so system, it is preferable that a dispersion compensating 
optical fiber according to the invention is connected to 
TRUE WAVE and is applied to a wavelength division 
multiplex transmission system. 

55 Industrial Applicability 

[0089] As described above, a dispersion slope com- 
pensating optical fiber according to the invention is con- 
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nected to an optical transmission line having a positive 
dispersion slope, and even with a short fiber length, 
both dispersion of an optical transmission line and a dis- 
persion slope are compensated. Therefore, the disper- 
sion slope compensating optical fiber is suitable to carry 
out high-density and high bit rate wavelength division 
multiplex optical transmission of high reliability. 

Claims 

1 . A dispersion slope compensating optical fiber being 
featured in that, in a range from 1 530nm to 1 61 Onm 
in wavelength, the average dispersion slope on a 
wavelength band in the predetermined range is 
made -0.6ps/nm 2 /km or less, the dispersion value 
on the predetermined wavelength band is made - 
6ps/nm/km or less, and the value (DPS) obtained 
by dividing the dispersion value by said dispersion 
slope is made a positive value which is less than 
160. 

2. A dispersion slope compensating optical fiber being 
featured in that, in a range from 1 530nm to 1 61 Onm 
in wavelength, the average dispersion slope on the 
wavelength band in the predetermined range is 
made -1ps/nm 2 /km or less, the dispersion value on 
the predetermined wavelength band is made - 
12.5ps/hm/krn or less, and the value (DPS) 
obtained by dividing the dispersion value by said 
dispersion slope becomes 12 through 80. 



22 

6. A dispersion slope compensating optical fiber as 
set forth in Claim 5, wherein the relative refractive 
index difference of the area, to which a dopant for 
increasing said refractive index is added with 

5 respect to pure Si0 2 glass, is established to be 

0.35% or more. 

7. A dispersion slope compensating optical fiber as 
set forth in Claim 5 or 6, wherein said dopant is ger- 

10 manium. 

8. A dispersion slope compensating optical fiber as 
set forth in Claim 3, wherein 3jim^a^6^m, 
8nm^b£l 2|im, and 0.375£a/b£0.55 are established 

15 where the outer diameter of said center core is "a" 
and the outer diameter of said side core layer is "b'\ 

9. A dispersion slope compensating optical fiber as 
set forth in Claim 4, wherein 3fxm^a^6^m, 

20 8^m£b£l 2jim, and 0.375£ayb<;0.55 are established 
where the outer diameter of said center core is "a" 
and the outer diameter of said side core layer is "b'\ 
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3. A dispersion slope compensating optical fiber as 
set forth in Claim 1 or 2, being featured in that a dis- 
persion slope compensating optical fiber formed so 

as to cover the outer circumferential side of the 35 
center core by side core layers and cover the outer 
circumferential side of the side core layers by a clad 
layer, wherein A1> A3> A2, A2/A1£-0.45, and 
A1^1 .2% are established where the relative refrac- 
tive index difference of said center core with respect 40 
to pure Si0 2 glass is A1 , the relative refractive index 
difference of said side core layer with respect to 
pure Si0 2 glass is A2, and the relative refractive 
index difference of said clad layer. with respect to 
pure Si0 2 glass is A3. 45 

4. A dispersion slope compensating optical fiber as 
set forth in Claim 3, where A2/A1:£-0 6 is estab- 
lished. 

50 

5. A dispersion slope compensating optical fiber as 
set forth in Claim 3, wherein a dopant is added onto 
said clad layer, which increases the refractive index 
at an area greater by at least six times than that of 
the outer diameter of the side core layer with the 55 
center of the side core layer used as the center of 
the dopant. 
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